Background-Southern Africa is witnessing the emergence of an epidemic of long-term survivors of vertically-acquired HIV infection presenting with untreated HIV as adolescents. Dermatologic conditions, common in both HIV-infected adults and children, have not been described in this age-group. We investigated the prevalence and spectrum of skin conditions in adolescents admitted to hospitals in Zimbabwe.
Introduction
Cutaneous manifestations are very common in human immunodeficiency virus (HIV)-infected individuals and are associated with significant morbidity [1, 2] . Greater than 90% of patients develop at least one skin or mucous membrane manifestation during the course of their infection [2] . Viral, fungal and bacterial infections as well as inflammatory dermatoses have all been reported with increased frequency in association with HIV infection [1, 2] . Several studies have reported a correlation between skin disease and underlying immune status [3] [4] [5] [6] [7] [8] [9] [10] , thus making diagnosis of certain skin conditions a valuable clinical tool in staging and predicting progression of disease [11] . Herpes zoster infection is recognized as an early manifestation of disease whereas Kaposi sarcoma and cryptococcosis reflect more advanced immunosuppression [7] . The prevalence of skin disease varies by age, ranging from 41-94% in adults and 36-52% in children [3-10, 12, 16] . The spectrum similarly varies with age, for example seborrhoeic dermatitis is relatively uncommon among HIV-infected children but is common among adults [3, [10] [11] [12] [13] [14] 16 ].
East and Southern Africa have been more severely affected by HIV than any other global region. In Zimbabwe, HIV prevalence in antenatal clinic attendees was greater than 30% during the late 1990s, so that approximately 10% of infants born in that period were infected with HIV from mother-to-child transmission [17] . Vertically-acquired HIV is associated with high mortality [18] and, until recently, it was assumed that few HIV-positive verticallyinfected children survived beyond the age of 5 years. However, current understanding is that a substantial minority of HIV-infected infants have prolonged survival even in the absence of HIV care. A pooled cohort analysis estimated that at least 13% of such children survive to age 10 years [19] and, more recently, that 17% will survive to age 15 years [20] . Surrogate markers of vertical HIV infection include poor longitudinal growth, recurrent childhood illness and high prevalence of maternal orphan hood (26) . HIV epidemics in these regions are now maturing and considerable numbers of HIV-infected older children are presenting for care [21] [22] [23] .
Skin disease and subsequent scarring is both disfiguring and stigmatizing and the negative influence of social stigma on the well-being of HIV-infected adolescents has been previously described [24] . In communities with a high prevalence of HIV infection, there may be lay recognition of the clinical manifestations of HIV, including recognition that certain skin diseases are likely to indicate underlying HIV infection, which may then lead to further stigmatization [25] . There is, however, a paucity of data relating to the spectrum and prevalence of skin disease in HIV-infected individuals in this age-group. The aim of this study was to describe the prevalence and spectrum of dermatologic manifestations among HIV-infected adolescents admitted to hospital in Harare, Zimbabwe.
Materials and Methods

Patient Recruitment
Between September 2007 and April 2008 adolescents (10-19 years) admitted for any acute cause other than obstetrics were recruited consecutively from the inpatient wards of two public-sector general hospitals in Harare, Zimbabwe, as previously described [26] .
Data collection
A structured questionnaire was administered to participants to ascertain demographic characteristics and history of HIV testing. A standardized clinical history was recorded and all participants underwent a full dermatologic examination by the study doctor, as part of a comprehensive clinical evaluation including WHO staging [11] . Skin conditions were classified a priori into 9 main categories: pruritic papular eruption, seborrhoeic dermatitis, Herpes zoster infection, molluscum contagiosum, warts covering >5% of the body, Kaposi sarcoma, angular cheilitis, onycholysis and 'other' (including all other viral, fungal and nonspecific inflammatory dermatoses). Diagnosis of each skin condition was made according to WHO case definitions [11] and characteristic clinical appearance. Diagnostic biopsies were taken in two cases of extensive plane warts. Recurrent rashes were defined as eruptions occurring more than once in a 6 month period. Drug rashes were diagnosed when eruptions occurred within a month of commencement of a new drug, after exclusion of inter-current sepsis.
History and examination findings were cross checked with hospital clinical and patient-held records and relevant investigations were conducted to study the cause of admission. In all participants CD4 lymphocyte count and full blood count measurements were obtained and herpes simplex virus (HSV)-2 serology was performed as a surrogate for sexual activity [27, 28] .
HIV testing was carried out in two ways; anonymous serologic HIV testing was performed with subsequent unlinking to personal identifiers, and each patient was also offered diagnostic HIV counseling and testing (CT). HIV serology was determined using a standardized algorithm. Abbott Determine (Abbott Diagnostics, Johannesburg, South Africa), was used as the primary screening test and all positive tests were confirmed using SD Bioline (Standard Diagnostics Inc, Kyonggi-do, Korea): CD4 counts were determined by flow cytometry (Partec CyFlow Counter, Partec GmbH, Munster, Germany).
Statistical analysis
Data was entered into Epi-Info (version 3.4) and analyzed using STATA version 10. Categorical variables were compared using the Chi-squared test. Continuous variables were compared using Student's t-test for normally distributed variables and Kruskal-Wallis test for variables not normally distributed. For analysis of associations, odds ratios (OR) and 95% confidence intervals (CI) were calculated by univariate and logistic regression analyses. A p-value of 0.05 was considered statistically significant.
Ethical considerations
Written informed consent was obtained from all participants older than 16 years of age. For participants younger than 16 years written consent from the guardian and written assent from the participant was obtained. 
Results
Baseline characteristics
Three hundred and one patients were recruited. The participation rate was 93%. Median age of participants was 13 years (IQR: 11-16). Participant characteristics are shown in Table 1 . HIV prevalence was 46% (139 participants). A predominantly non-sexual mode of HIV transmission was suggested by the equal sex distribution among HIV infected and uninfected individuals (53% vs 59%, HIV-infected and HIV-uninfected men respectively), low prevalence of HSV-2 seropositivity among HIV-infected individuals ((1.4%), high prevalence of maternal orphans (63%) and lack of variation of HIV serologic status by age (p=0.96). One hundred and ten (79%) HIV-infected participants had WHO stage 3 or 4 disease and their median CD4 count was 151 cells/μL (IQR 57-328), with 23% of participants having a CD4 count <50 cells/μL. Forty five (32%) HIV-infected participants were taking anti-retroviral therapy (ART). Median treatment duration was 5 months (IQR: 1-15) and six had started ART within one month of the recruitment date.
Skin Disease
One hundred and twenty two (88%) HIV-infected and 22 (14%) HIV negative participants had skin disease (Table 2) . Seventy-one (51%) HIV-infected patients had a history of recurrent skin rashes. The most common diagnosis was papular pruritic eruption, occurring in 42% of participants. A spectrum of papular pruritic eruption was diagnosed ranging from current papular pruritic vesicles ( Figure 1A , online only) to evidence of previous disease with widespread post-inflammatory pigmentation. Thirty-five (25%) patients reported a past history of herpes zoster infection; scars were visible in thirty three. Twelve (36%) had recurrent or multi-dermatomal infection.
Thirty four patients (24%) had plane warts covering more than 5% of the body surface. A spectrum of distribution was noted from plane warts observed on the arms and legs ( Figure  1B , online only) to the more frequently observed, extensive plane warts observed in a photosensitive distribution covering the forearms, head and neck ( Figure 1C , online only). Cutaneous biopsies from lesional skin of 2 patients with extensive plane warts were histologically analyzed; this demonstrated moderate hyperkeratosis with a prominent granular layer, acanthosis and numerous koiliocytes consistent with the clinical diagnosis of extensive plane warts. Five patients had verruca vulgaris lesions covering <5% of body surface ( Figure 1D ,online only), included in the category of "other viral" infections.
In nine patients (seven HIV-infected), skin disease was the primary reason for admission. Four had Kaposi sarcoma with extensive skin disease, lymphedema and lymphadenopathy. In these four patients the CD4 lymphocyte counts were >200 cells/μl (median 298: IQR 230-417). Adverse drug reactions to trimethroprim-sulfamethoxazole occurred in two HIVinfected patients. The seventh patient was admitted with extensive peri-oral herpes simplex virus infection and severe tinea capitis with superimposed bacterial infection. Of the two non-infected adolescents, one had erythema multiforme secondary to penicillin and the other had cerebral palsy and presented with pellagra and infected bedsores.
The presence of any skin disease was strongly associated with being HIV-infected (age, sex adjusted OR =37.7 (95% CI: 19.4-72.0, p<0.001). Sixty five (47%) HIV-infected adolescents had three or more skin conditions. The presence of an increasing number of skin conditions was associated with increasing odds of being HIV-infected (age, sex adjusted OR for two skin conditions =22.9 (95% C.I: 8.1-64.9, p<0.001) and OR for ≥three skin conditions =234 (95% C.I: 31.3-1754, p<0.001).
The CD4 counts for all categories of skin conditions are shown in Figure 2 . Having ≥3 skin conditions ( adjusted OR =3.7 (95% C.I 1.5-8.9, p<0.003), history of recurrent skin infections (adjusted OR =2.7 (95% C.I 1.3-5.7, p<0.01) and angular cheilitis (adjusted OR =2.1 (95% C.I 1-4.5), p<0.05) were associated with advanced immunosuppression (CD4 counts <200cells/μl) in HIV-infected patients, after adjusting for age, sex and antiretroviral therapy.
Discussion
This study shows that dermatologic conditions were extremely common in a case-series of HIV-infected adolescents recruited systematically at the time of admission to hospital for any acute cause. Skin complaints were, however, incidental to the need for admission in all but a small minority of cases. Eighty eight percent of HIV-infected adolescents had evidence of skin disease at the time of examination. Recurrent skin rashes were reported in greater than 50% of participants, with most reporting longstanding or recurrent skin complaints from early childhood. This is a much higher burden than reported from adult and pediatric studies [3] [4] [5] [6] [7] [8] [9] [10] [12] [13] [14] [15] [16] , although selection bias resulting from exclusive inpatient recruitment should be considered. In the present study, 70% of adolescents had two or more skin manifestations by comparison with 40% of adults recruited from an outpatient HIV dermatology clinic in a recent study from Singapore [3] and 13% of HIV-infected Thai children recruited consecutively from an outpatient pediatric HIV clinic [16] . The range of immunosuppression was similar in all three study populations, although greater than 50% of the adults from Singapore were taking ART [3, 16] .
Long-term survivors of vertically acquired HIV infection, often presenting de novo in adolescence, are now recognized as an emerging group following earlier severe adult and pediatric epidemics in Southern Africa [19] [20] [21] [22] [23] . Late presentations with adolescent AIDS can affect African migrants to the UK, often with delayed diagnosis that highlights the need for increased global awareness of this phenomenon [29] . The low prevalence of HSV-2 infection is consistent with our assumption that most participants in this study were vertically infected, as HSV-2 prevalence is extremely high among young people with sexually-acquired HIV infection in Southern Africa [27, 28] . Furthermore, as separately reported, our participants had other features to suggest vertical transmission in the majority of cases, notably a high prevalence of maternal orphan hood or AIDS, and growth failure [26] .
Our study highlights the value of skin disease in adolescents admitted to hospital as a strong indicator for diagnostic HIV testing. This is important in a setting where diagnosis in this group is often delayed and routine testing, although strongly recommended, is not usually possible. There is increasing evidence, in both adults and children, that the prevalence and type of skin disease is significantly associated with the degree of immunosuppression [3-5, 7-9, 16 ]. Seborrheic dermatitis, papular pruritic eruption, molluscum contagiosum and adverse drug reactions have all been reported to occur more commonly at lower CD4 counts [3-5, 7-9, 14, 30] . A trend of association between the number of skin conditions and immunosuppression has also been reported [3, 14] . In this study, three or more different skin complaints, reported history of recurrent skin rashes, and angular cheilitis were each significantly associated with advanced immunosuppression. However, no other single skin condition was associated with having a CD4 count of <200cells/μl , lending support to other suggestions that CD4 counts in adolescent survivors of vertically acquired HIV infection may be less well correlated with clinical manifestations of immunosuppression than in other age groups. [26, 31] . For example, all four participants with Kaposi sarcoma in this study had CD4 counts of >200 cells/μl, despite having extensive disease.
Nearly a quarter of the HIV-infected adolescents in this study had disseminated flat hypochromic, versicolorlike patches. Extensive plane warts have previously been described in the context of HIV. However, the clinical appearance in our patients was strikingly similar to the cutaneous manifestations of the genodermatosis epidermodysplasia verruciformis [32] . To our knowledge, the high frequency of this clinical presentation in HIV-infected adolescents has not previously been described, but has significance first as an indication for HIV testing, and secondly because of the potential for HPV-associated epithelial neoplasia in advanced immunosuppression. Currently there are no reports of malignant transformation but close dermatological surveillance appears prudent.
In this study papular pruritic eruption was the most common HIV-related skin disease with a high prevalence, as previously reported for HIV-infected African adults [7] that contrasts with much lower prevalence rates in other global regions. For example, prevalence rates of only 2-4% were reported from India and Taiwan [4, 14] . A pediatric study in Thailand also reported a low prevalence of 5% [16] . A Ugandan study investigating the etiology of papular pruritic eruption suggested that it may be an arthropod-induced pruritic skin eruption and that arthropod antigens on the African continent may simply differ from those in areas with a lower prevalence of papular pruritic eruption [33] . Currently symptomatic treatment of active papular pruritic eruption is limited, steroids and antihistamines having minimal effects. An 87% reduction of symptomatic papular pruritic eruption has been observed in patients started on ART [34] . It has also been suggested that recurrence of papular pruritic eruption is associated with virologic failure and may be a useful marker to access underlying immune status and for treatment monitoring in resource poor settings [34] .
The introduction of ART has been shown to have a significant impact on the spectrum and severity of skin disease [34] . Previous studies have shown an overall decrease in the prevalence of mucocutaneous manifestations with ART [36] . Paradoxically, initiation of ART has been also been associated with dermatologic immune restoration syndrome (IRIS) resulting in worsening or reappearance of certain skin diseases and drug rashes [37] . Only 32% of study participants were receiving antiretroviral therapy at the time of recruitment, but with a median treatment length of 5 months it is possible that a proportion of the skin disease diagnosed was as a result of IRIS. This may become increasingly clinically important as ART becomes more widely available in these settings, particularly in this group who are often significantly immunosuppressed at the onset of treatment.
This study has several limitations. First it is part of a larger cross-sectional study with broader objectives; the study doctor was, therefore, a general physician not a dermatologist and diagnoses were made using clinical definitions. Second, the population studied were all hospitalized patients introducing bias towards sicker patients with more severe immunosuppression and, for the 9 patients where this was the cause of admission, more severe skin disease.
Although not commonly life-threatening, the wider effects of skin disease can be devastating for the individual. The negative effects of living with chronic skin disorders and permanent scarring in HIV negative adults have a significant social, psychological and also occupational impact [38] . This has also been demonstrated in HIV infected adults in South Africa by the validated Dermatology Life Quality Index (DLQI) scores in HIV [39] . Low mood, poor self esteem, decreased school attendance and a general reduction in quality of life have all been described in HIV negative children with chronic skin disease [40] . In communities with a high burden of HIV, social isolation is compounded by the strong association of skin disease with HIV and subsequent stigmatization [25] .
Skin disease was a prominent and striking clinical feature amongst HIV-infected adolescents in Zimbabwe. Further research is needed to investigate the response of skin lesions to ART, and better define the natural history of the unusual epidermodysplasia verruciformis-like presentation of plane warts that was observed with such high frequency in this case series. Previously undiagnosed or untreated HIV presenting in late childhood and adolescence is becoming increasingly common in countries with maturing HIV epidemics. The presence of cutaneous manifestations in adolescents born in high HIV prevalence settings should be recognized, first, as a strong indicator for HIV testing and, secondly, as a marker for immunosuppression. 
